Abstract: While Quality of Service (QoS) is a service quality indicator that is used as objective evaluation by service providers, Quality of Experience (QoE) is a quality indicator subjectively evaluated by users. However, subjective evaluation of QoE for every service imposes the users a great load. Therefore, it is needed to estimate QoE from a physiological index without every subjective evaluation. In this research, we focus on skin conductance activity (SCA) as a physiological index and develop an experimental scheme to clarify the relationship between QoE and SCA when abrupt playback pause degrades the video quality. As the results of experiment and data analysis, QoE and SCA are correlated differently according to the video categories such as sport and news.
Recommendation ITU-R BT.500-13, "Methodology for the subjective assessment of the quality of television pictures," Jan. 2012. https://www.itu.int/ dms_pubrec/itu-r/rec/bt/R-REC-BT.500-13-201201-I!!PDF-E.pdf, accessed Feb. 1, 2018.
Introduction
In these days, video streaming services have become one of the most popular Internet services. Owing to development of smartphones and tablets as well as wireless environments, users experience the video streaming service even in a mobile environment, where communication conditions are somewhat unstable. Therefore, the service providers try to keep the service quality as good as possible. A great amount of effort has been invested in subjective evaluation of Quality-ofService (QoS) for video services [1] . The QoS parameters of video services are usually the frame size (resolution), the frame rate, and the quantization scale. In the mobile environment, however, abrupt playback pauses possibly occur as more critical service degradation. Such abrupt service degradation should be evaluated based on Quality-of-Experience (QoE) instead of QoS. Recently, QoE is focused as a subjective metric to reflect user experience not only for video services [2] but also for Web services [3] , cloud services [4] , and so on. The generic method for QoE evaluation is Mean Opinion Score (MOS), which is the average of values that subjects assign their individual opinion based on the predefined scale [5] . MOS cannot, however, record instantaneous evaluation of the users. Moreover, MOS cannot capture the user's evaluation over time. Namely, MOS is a static evaluation and time-varying video quality is not evaluated. Recently, instead of MOS, an advanced approach using physiological measures is being watched with intense interest to evaluate the video streaming services [6] . Particularly, electroencephalogram (EEG) is often used to evaluate multimedia quality [6, 7] .
In this paper, Electro Dermal Activity (EDA) is used as a physiological index, because the measurement device is smaller compared with EEG and it is more suitable for wearable devices. EDA is categorized into Skin Potential Activity (SPA) and Skin Conductance Activity (SCA). SCA, which is used in our experiments, changes depending on skin sweating and is suitable to measure the degree of psychological stress.
We present a novel approach to evaluate the video streaming service quality from the viewpoints of QoE and SCA signal simultaneously. Then analytical models are proposed for both measured data. It is clarified that QoE and SCA are well-correlated and significantly effected by two factors: service quality degradation and video category.
Experimental conditions
19 university students (9 men and 10 women) participated in the experiment as subjects. Each subject was asked to watch a video content. During watching the video content, the subjective QoE was measured by Single Stimulus Continuous Quality Evaluation (SSCQE) method and SCA was measured by the small electrodes attached to the subject's index and middle fingers continuously. SSCQE method is defined by International Telecommunication Union-Radiocommunication Sector (ITU-R) [8] . In SSCQE method, a video sequence is shown to a subject and the subject needs to evaluate the video quality instantaneously by continuously adjusting a slider. It is recommended that the slider should have the scale range between 0 and 100, which shows that larger the scale, the higher the evaluation. In our experiments, the slider of 10 cm length was implemented in a tablet with an 8-inch touch screen monitor. The subjects manipulated the slider by his/her dominant hand during watching the video sequence and the sampling frequency was 10 Hz.
SCA was measured by a combination of MP150, GSR100C, and TSD203 of BIOPAC Systems Inc. The electrodes were attached to the subject's non-dominant hand and the sampling frequency was 1000 Hz, which was down-sampled to 10 Hz corresponding to SSCQE method. The measurement methods were synchronized for QoE and SCA.
Two categories of video contents were used in the experiments: sport and news. Each original video content is 2 minutes long and has the resolution of 1280 Â 720. The original content is called as Video N. As the quality degradation, abrupt playback pauses were added to Video N. Three types of pause time were used according to the degree of quality degradation, that is 5, 10, and 15 seconds and they are called as Videos D 1 , D 2 , and D 3 in order. Each subject watched 8 videos, namely a set of Videos N, D 1 , D 2 , and D 3 from two video categories, but the order of video presentation was random. During watching a video, the subject recorded QoE by using the slider according to SSCQE method and his/her SCA signal was measured simultaneously.
Experimental results and analysis
The synchronized data of QoE evaluation and measured SCR signals were obtained for each video content from 19 subjects. First, the data for the quality-degraded videos should be modeled for further analysis. Fig. 1 shows the models of QoE values and SCA signals.
In the QoE model shown in Fig. 1(a) , the playback pause period is presented as Quality Degradation Section. QoE evaluation deterioration delays than the video quality degradation, because perception in brains is needed before moving the slider. Therefore, we define the QoE evaluation for the degraded quality as the value recorded at the end of Quality Degradation Section.
On the other hand, the SCA signal is modeled as Fig. 1(b) . Since stress causes sweating, the skin conductance increases in general. Such a general signal pattern is obtained during the period of Quality Degradation Section from all of the measured data. Thus, two inflection points are detected; one is the begging point of the skin conductance increasing tðLÞ and the other is the maximum point of the skin conductance increasing tðPÞ. Then Value of Stress (VoS) is defined as follows,
where SC t is the value of the skin conductance at time t. VoS is, however, the actual measured value and the amplitude of VoS differs from each subject since physiological reaction depends on the individual. Moreover, each subject watched 3 resolution-degraded videos from two video categories. Therefore, 12 VoS values for the quality-degraded videos were collected from one subject and these values are normalized to mitigate individual difference as follows,
where VoS max and VoS min are the maximum and minimum values among 14 VoS values and DoS means the degree of Stress. According to the above definitions, QoE and DoS in the period of Quality Degradation Section are obtained for each subject. Hereafter, the measured QoE values by SSCQE method are described as QoE. QoE is the normalized value in the same way shown in (2) . These data are averaged for each quality-degraded video, that is D 1 , D 2 , or D 3 , and for each video category, that is sport or news. Then the relationship between QoE and DoS is depicted in Fig. 2 . The correlation coefficients shown in Fig. 2 are −0.835 for the sport videos and −0.987 for the news videos. In addition, since the total correlation coefficient is −0.878, negative correlation is observed between QoE and DoS.
As shown in Fig. 2 , both QoE and DoS tend to be influenced by the video category or the playback pause period. Therefore, we apply the two-way analysis of variance (ANOVA) to the data of QoE and DoS respectively, where the first factor is the video category and the second one is the pause period (the video degradation). The null hypotheses are set as follows:
H1: The population means of the first factor are equal. H2: The population means of the second factor are equal. H3: There is no interaction between the two factors. The results of ANOVA are shown in Table I , where (a) corresponds to the result for QoE and (b) does to the one for DoS. In Table I , SS stands for the sum of squares, DF does the degrees of freedom, and MS does the Mean square.
From the results of ANOVA, first of all, The null hypothesis H3 is not rejected even for the significance level of 0.1 (10.0%). Secondary, on the other hand, the null hypotheses H1 and H2 are rejected for the significance level of 0.05 (5.0%). That is to say, both of QoE and DoS are significantly different for the video category as well as for the pause period. Moreover, the null hypotheses H1 and H2 for QoE can be rejected up to the significance level of 0.005 (0.5%). Finally, it is suggested that QoE can be estimated from the measured DoS data, since these are correlated. Also, the levels of measurement can be differentiated by the video category and the playback pause period.
Conclusion
We developed a novel experimental scheme to record QoE and SCA data for video streaming services simultaneously. The SCA data is a physiological index which is normally unconscious, while QoE is a subjective evaluation and recorded as conscious. The proposed experimental scheme can be applied to evaluate the abrupt playback pause of video streaming. We examined three kinds of playback pause period for two video categories: sport and news. After the measured QoE and DoS data are modeled, it has been clarified that they are correlated and differentiated by the video category and the playback pause period as the results of ANOVA analysis.
